InOOH was synthesized solvothermally as reported elsewhere 1 , upon calcination in air at 375-450°C InOOH decomposes to metastable rh-In 2 O 3 . Iron-doping is achieved by adding iron nitrate (Fe(NO 3 ) • xH 2 O, Sigma-Aldrich) to the starting solution in atomic ratio In:Fe = 95:5 while keeping all other synthesis parameters unchanged.
In-situ XRD
The XRPD patterns shown in Fig 1e and patterns of the in-situ HT-XRPD study ( Fig SI_Z) were recorded at the Advanced Light Source (Lawrence National Berkeley Labs, California, USA) in a Bragg-Brentano geometry using monochromatic synchrotron radiation with =0.498538 Å (25 keV / 30 µm spot size). Sample powders were placed in 500 µm fused silica capillaries and heated with 10 °/min in an infrared heated SiC tube furnace 2 to temperatures up to 1000°C while three XRPD patterns per minute were recorded. A Perkin Elmer flat panel detector (XRD 1621) with 26.315 °(2) angular aperture was used to record the XRPD patterns with a step size of 0.018 °(2). Wavelength and sample to detector distance was calibrated with the line positions of a LaB 6 standard in the program fit2d that was as well used for radial pattern integration 3, 4 .
Whole diffraction pattern fitting
Whole-diffraction-pattern fitting was applied to analyse the XRD data: the position and the integral breadth  -defined as the total area under the diffraction peak (hkl) divided by the peak intensity -of each diffraction line are determined after subtracting the linear interpolated background by fitting a Voigt function to its individual profile. The instrumental broadening was determined using the standard polycrystalline LaB 6 sample. The correction for the instrumental broadening is performed assuming Voigt profiles for the experimental h, the instrumental t and the physical f line profiles. The physical integral breadth  f is calculated from the corresponding integral breadths  h and  t of the experimental and instrumental profile, respectively, by using an adequate formula for intermediate Gauss-Cauchy profiles:
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The lattice parameter(s) of the nanomaterial is derived from the XRD line positions, while the volumeaveraged particle size D V and the average microstrains are determined by the integral-breadth 〈 2 〉 1/2 method using the physical integral breadth values  f of all diffraction lines in the XRD pattern of the sample. Here, the separation of the particle size and microstrain contributions is carried out graphically within the average-size and strain approximation, by plotting as a function of [ref 5 ]. D V is
then obtained from the slope of this graph, while the average microstrain is proportional to = 1 its intercept . We point out that, for a sample composed of mono-crystalline spherical
nanoparticles characterized by the volume-averaged diameter D V , the real particle diameter D, which is measured by TEM for example, is given by . The distribution of different phases in single particles is visualized by Fourier-filtered (FF) images. For this purpose, the two-dimensional Fourier transform of a HRTEM image is calculated. A Bragg reflection (hkl) of the crystal structure of interest is selected in the FT image by centering a circular aperture around the reflection with a diameter equal to half of the minimal distance to its neighboring diffraction spots. The intensity of the selected Bragg reflection is artificially enhanced. A soft-edge filter in the FT image is applied to assure a smooth transition from the region with increased intensity around the selected reflection and the surrounding low-intensity background. The soft-edge aperture reduces artefacts in the FF image which would occur for an aperture with an abrupt transmission transition. An inverse two-dimensional FT is calculated only with the selected reflection. The FF image then reveals size and location of regions with the crystalline structure of interest within the specimen. This property of FF images is used to selectively enhance the contrast of crystalline domains with either InOOH or rh-In 2 O 3 structure.
The size distribution of nanoparticles was determined from TEM images recorded at different magnifications by using a 20482048 pixel charge coupled device (CCD) camera and an exposure time of 0.5 s ( Figure SI_4 ). For the evaluation of the diameter of solid quasi-spherical and hollow particles, the projected area of NPs on the TEM images was measured. The measured areas were evaluated by calculating the particle diameter with a circular projection area of the same size. These diameters were used to determine NP-size distributions in Figure SI 4. The average particle diameter is then calculated by fitting the calculated distributions with the lognormal size distribution function given by 6 :
} where is the average particle diameter and with the distribution dispersion.
The sphere-to-hollow-sphere and rod-to-tube transformation is investigated by using series of HRTEM images successively recorded during continuous illumination of the same sample region every 1 min, starting just after a given position on the sample is reached (t=0) and ending after 10 to 30 min. Advantage is taken from the fact, that InOOH particles (i.e. the initial spheres and rods) are not stable under irradiation with the high-energy electrons in the transmission electron microscope and undergo a phase and morphological transformation towards hollow In 2 O 3 structures after 2 to 14 min. The final morphologies after electron-beam induced transformation are identical to the ones obtained by exsitu calcination.
HAADF-STEM combined with EDXS
The morphology and the chemical composition of single nanoparticles as well as the average chemical composition of particle agglomerations was investigated by high-angle annular dark-field (HAADF) scanning transmission electron microscopy (STEM) combined with energy-dispersive X-ray spectroscopy (EDXS). The experiments were carried out with an FEI Osiris ChemiSTEM microscope with 200 keV electron energy. The instrument is equipped with a Bruker Quantax system (XFlash detector) for EDXS. EDX spectra were quantified with the FEI software package "TEM imaging and analysis" (TIA) EDX spectra obtained during scanning rectangular areas inside a single particle or a particle ensemble are used to determine their average chemical compositions. However, the O concentration measured on a nanoparticle is the sum of the real O concentration within the nanoparticle and the O concentration on the substrate under the nanoparticle, which results from contamination with substances containing O, like e.g. water, etc. Then, the O concentration on the substrate was determined and subtracted from the total O concentration measured on nanoparticle(s) before calculating its (their) real composition. For that reason, EDXS area scans of substrate regions close to the investigated nanoparticle(s), were separately recorded and quantified. We note that hydrogen cannot be detected by EDXS.
Effect of electron-beam illumination on atom displacement and sample heating
The solid-to-hollow nanoparticle transition was investigated using an electron dose rate of 1.0410 6 e nm -2 s -1 and a beam current I=9.7 nA. A slightly smaller dose rate of 0.8910 6 enm -2 s -1 and about the same beam current I=9.6 nA was used for the nanorod-nanotube transition. The temperature increase by electron illumination can only be roughly estimated. We have used Eq.(1) given in ref. 7 to calculate the local temperature T compared to the surrounding temperature T 0 . Accordingly, the heat per second deposited in a sample (in our case a nanoparticle with diameter d) is given by IE(d/) with the beam current I in A, the average energy loss per inelastic collision E in eV and the mean free path  in m for inelastic scattering. Under steady state condition, the heat generated by the incident electron beam with a diameter b (nm), is balanced by the heat loss due to radial conduction over a distance R 0 (nm) through a material with thermal conductivity K [ 7 ]:
(1)
Here, the heat loss due to radiation was neglected as suggested in [ 7 ] . For InOOH nanoparticles and nanorods, R 0 =300 nm is experimentally determined as the distance measured on HRTEM images from the center of the illuminated region up to the region, where no structure/morphology change of nanoparticles was observed after illumination. A thermal conductivity value of K=0. 
Calculation of contraction factor
The (idealized) geometric volumes (see Fig. SI_0 for sketches) of the nanoparticles under investigation are given by: InOOH sphere volume with diameter D sphere (Eq. 1) and the transformed In With V InOOH-formula_uni =39.2 Å 3 and V In2O3-formula_uni =31.6 Å 3 the ideal contraction factor is:
The measured contraction by the factors 1.031 ± 0.033 for the spherical particles and 1.075 ± 0.264 respectively 1.052 ± 0.381 for the rod like particles of maximum and minimum lenght are close to the theoretical value of 1.076 as calculated from the volumes occupied per formula unit in both structures. Figure SI_1: can be attributed to both, the InOOH and rh-In 2 O 3 phases, are drawn in rose. We note that the starting particles are massive spheres with a (pure) orthorhombic InOOH structure. The nanoparticle ensemble still contains particles with InOOH and rh-In 2 O 3 structure after 2 min illumination with an electron dose of 8.510 7 enm -2 indicating that the phase transition is not finished. This is in contrast to the single
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